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The .ffects of tillage or groll'ld preparation have been obserwd fn radar illigery for 
IIIn.y years. Imagery taken over fanning arelS frequently shoMs fields whose brightness 
-
is a direct function of the direction of the rows. Analysis of airborne radar back-
sCltter dati being gathered for the NASA Agriculture Soil Moisture Experiment (ASME) 
indicated that ttllage. part1cularly in bare or sparsely vegetated fields, had I llrge 
.ffect which could not be ignored when perfonning detailed dati analysts for so11 
lDisture signatures. To better understand this effect. the MSA/Johnson SPice Center, 
Experiment Systems Division in1tiated I quantitative investigat10n of this effect using 
groll'ld and ai rbome scatterometer systenas in 1978. After study1nl the data from the 
1978 f1eld measurements. the JSHE (JOint So11 Moisture Experf_nt members requested 
that the investigation be expanded into a pl .... triC study of various f1eld configurat1ons. 
This piper presents the results to date from this investigation. Radar backscltter data 
fOr the different field configurations and modulation function curves for angular and 
frequency variatfons are presented. A si~l1st1c approach to IDdeling this effect is 
prnented. 
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1.0 INTRODUCTION 
The effects of tillaae on around preparation have been observed 
for many years. Porcello and Rendleman1 first mentioned this 
effect in analyses of imagery taken over a Garden City, Kansas 
aaricultural teat site in 1972. 
The effects of tillage were further investigated by Ulaby and 
!atlivale in 19752 and Ulaby and Bare in 1978'. tbeae studies 
used the Garden City, Kansas imagery previously meDcioned and data 
taken by a ground scatterometer system. The major conclusion of 
these studies was that tillage effect could be quite large (10 dB) 
below 4 GHz, but could vary with crop type, crop height, radar 
frequency and incidence angle. 
Analysis of. airborne scatterometer data taken as a part of the 
NASA/JSC sponsored Agriculture Soil Moisture Expertaent (ASHE) in 
1978 indicated strong tillage or row effects. The observed magni-
tude of this effect, 8 dB at 13.3 GHz to 20 dB at 1.6 GHz, and the 
results of the previous referenced studies established a strona 
• 
case for a detailed experiment to study the effects of tillage on 
bare fields, without the variables caused by vegetation and moisture. 
A preliminary set of data was gathered over a simulated test site in 
New Mexico in late 1978. After analysls, the results of this experi-
.ent were presented to the ASHE team members in early 1979. The team 
recommended that the experiment be expanded to include different row 
spacings so a parametric study could be performed. This paper will 
present the results of data gathered over two simulated field con-
figurations in late 1979. 
2.0 EXPERIMENT DESCRIPTION 
As stated in the introduction, the object of the expertment was to 
study the effects of tillage and row spacing on radar backscatter 
without the variables of moisture and vegetation. To accomplish 
this, a test site had to be selected in an area where there was mini-
mal rainfall and spatse vegetation. Also, a 50- to lOo-acre area had 
to be made available for controlled test plots. 
. . 
Agreements were made with the U.S. Department of Agriculture to pre-
pare test plots on the Jornada Experimental Station near Las Cruces, 
New Mexico. This station is located in an arid area with sparse 
vegetation and an annual rainfall of 12 inches or less. The soil 
however, is representative of that found in the central United 
States. 
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Two adjacent test plots were prepared .. ahowu in 'laure 1. Each 
plot w .. 2,500 feet long and 500 feet vide. Staulated rowe were . 
plowed across the 2.5~0-foot dtaenaion on one plot aDd alona the 
2.S0o-foot dimenaion on the other plot. 
Radar backscatter data was lathered by two ... ne. Cround data vu 
lathered by a crane-mounted multifrequency ground scatterometer 
syat... The characteristics of this system are liven in Table I. 
Locationa of Iround scatteroaeter data acquisition are shown in 
Fiaure 1. 
• 
Airborne scattero.eter data was gathered usinl the NASA/JSC C-130 
Earth lesources Aircraft. This aircraft carries multiple frequency 
scatterometer systems with characteristics as described in Table II. 
The airborne scatterometer data was gathered by multiple flilhta 
back ~Dd forth across the 2,SOO-foot length of the test plots. 
To establish the electrical and physical characteristics of the 
fields at the 'times of radar data acquisition, soil samples and 
surface profile measurements were obtained. (See Fllure 1.) 
Soil moisture for (0-2) centimeter and (2-5) centimeter depths was 
cbtained from 36 locations in the fields. 
The ground scatterometer system was used to acquire radar data for 
the initial field configuration. Due to the nature of ground 
acatterometer system data acquisition limitations, several days 
were required before and after an aircraft flight to obtain enoulh 
samples for the data to be meaninlful. Only vertically-polarized 
data was gathered for the initial field configuration. 
The major part of the radar data used in thls investigatlon was 
acquired using the C-130 aircraft scatterometer systems. Two data 
acquisition flights were conduceed, the first on November 16, 1979 
and the second on December 11, 1979. 
Between these two flights the test-plots configuration was changed 
as shown in Figure 2. Although it was desired to only have differ-
ences in the row-height direction be~een the measurement times, 
there was some smoothing of the small-scale roughness evident. The 
soil moisture remained essentially constant. 
Each flight obtained about 20 seconds of radar data for each field 
at each polarization. !n order to determine if the data from the 
entire field could be averaged, a method was devised to compare the 
statistics of the data from the fields with those from a reasonably 
homogeneous scene using the same number of data samples. Some of 
the statistical data is presented in Tahle III and Figures 3 throug~ 
6. 
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3.0 1WWl DATA ANALYSES 
Data analysis consisted of computat1~n of the aean values of si ... 
• ero for incidence angles over the range of S - SO degrees fro. 
aircraft data acquired on November 16, 1979 and Decembe~ 11, 1979 
respectively. This data is presented in Tables IV and V. 
For purposes of evaluating the chans.. in field configuration that 
were aade between November 16. 1979 and December 11, 1979, the 
Alana-row and cross-row data were differenced to provide a plot of 
delta sigma zero (Aao) or modulation function IMI. This technique 
provides an easy means of evaluating changes due to the row struc-
ture change. These results are presented in Figures 7 through 10. 
• 
Finally, the ground scatterometer data (Table VI) which vas acquired 
over a period of November 14 through November 18, 1979, was differ-
enced and compared to the aircraft data taken on November 16, 1979, 
(Figure 11). No comparison of the aircraft data taken on December 11, 
1979 could be made as no corresponding ground data was taken. 
Perhaps a few words about the problems of relating ground scattero.-
eterdata to aircraft scatterometer data are in order. ,There are 
.. oy variables that must be considered when one tries to relate the 
two data sets. 
First there is the problem of differences io the basic calibraton of 
the two systAmB. Each is calibrated by a different method and no 
technique flr ~ross-checking the two methods has been devised. 
Second, there are the interrelated problems of spatial coverage, 
number of statistically independent samples, measurement time, time 
for measurement and scene variance. To gather enough statistically 
independent samples, the ground system must be physically moved to 
a~~thet location. This increases the measurement ttae, which means 
the scenE. can change during the period the measurements are bei.lg 
takeit. Lastly, the scene may have natural variances which can 
effect the data. For instance, data takeo on the edge of a field 
may not be representative of data taken in the ceoter of a field. 
For these reasons, the ground scatterometer data was used more for 
verification of trends rather than comparative Sigma zero analysis. 
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4.0 DISCUSSION OF ANALYSIS RESULTS 
In comparing the along-row data taken for both dates, it appear. 
that the small-scale roughness has decreased slightly (Figure 2), 
which should be expected due to weathering and the deliberate 
smoothing of the rows. In addition, small differences in the 
soil moisture, from four percent to five percent, occurred between 
the .. asurement dates. 
The major differences in the data can be seen in the Modulation 
Function Curves shown in Figures 7 through 10. The location of 
the peaks of the modulation functions for November 16, 1979 occur 
at 2S degrees while their peaks occur at 20 degrees for December 12, 
1979. This shift in the peak response corresponds to the measured 
average row slope change from 26 degrees to 17 degrees. Figures 7 
and 9 p~ovide an indication of the frequency sensitivity of the 
modulation function for bare fields. For the type of field prepa-
ration observed, the magnitude of IMI ranged from 5 dB for 13.3 GHz 
vv to greater than 18 dB for 1.6 GHz VV. 
The magnitudes of IMI for either linear polarization (BB or VV) at 
4.75 GHz were greater than 12 dB. 
Figure 11 is a comparison of the results obtained with the aircraft 
and ground scatterometer systems for the initial field conditions. 
The same trends are noted in the data from either system in that 
IMI peaks at near 25 degrees, the magnitude is frequency-dependent 
and the shapes of the curves are frequency-independent. The lack 
of a distinct peak at 25 degrees in the ground data can be attrib-
uted to the fact that the ground system only gathers data every 
ten degrees. In addition, the results show that the method of 
acquisition of the radar data does not effect the phenomenon observed. 
S.O REPRESENTATIVE MODELS 
Several radar backscatter models"5,, applicable to rough surfaces 
were examined to determine the one which is most applicable to 
this experiment. The Facet Model, proposed by Khamsi, Fung, and 
Ulaby7, provided scene descriptors most applicable for a comparison 
with the radar data obtained. 
This Facet Model describes the scene as a collection of facets of 
different sizes with Gaussian size and slope distributions. The 
facets are categorized in terms of their dimensions (1) relative 
to the observing radar wavelength (A) as follows: 
4 
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Larae Facet.: , > A 
S .. l1 Facets: 1 <0.4 A 
Medium F.ceta: A > , >0.4 A 
The scene parameters that drive the model response are the di-
electric constant, the facet size standard deviation (Sl), slope 
standard deviation in the x direction (Sx) aDd slope standard de-
viation in the y direction (S ). 
. y 
The radar return is defined as the sum of the radar returns due 
to each facet size. This can be written as: 
• 
00 (8) 
-
oOL (8) + aOH (9) + a·S (9) (1) 
where: 
oOL (9) return due to large facets 
.ooH (9) return due to medium facets 
'-
ooS (&) ~eturn to small facets. 
Near normal incidence, the major part of the return is due to 
large facets but at larger inciden~e angles, the medium facets 
are the major contributor for HH pclarization and the small facets 
are the major contributor for VV pol~rization. 
The look direction modulation function IMI as defined by Ulaby and 
Bare' is: 
where: 
(2) 
aOl (dB) and a011 (dB) are measured with the radar 
looking perpendicular and parallel to the row direction, respective-
ly. Since the model deals only with the slope distributions about 
a zero mean slope and the scenes that produce the modulation function 
have in addition to the zero mean slope distribution at nadir, 
another slope distribution at the normal incidence to the row slopes, 
some modifications to the model are needed. In taking a simple 
approach we have assumed that the slope distribution at the normal 
incidence to the mean row slope and the nadir slope distributions 
are the same. 
5 
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In addition, it is assumed that the lara_ facet returna from each 
of the two slope distributions combined independently. Thus equa-
tion (1) can be expressed aa: 
where: 
- return due t~ large faceta 
with mean slope zero 
- return due to large facets 
with mean slope • tan8 
• 
Now, combining (2) and (3) we get: 
, 
K(dB) • oOL (8 near e.> (4) 
which implies that the modulation function is a description of the 
slope distributions Sand S of the scene. 
x y 
Assuming that the simplifications previously defined are valid, an 
attempt was made to compare .the Facet Model with measured data. 
~nfortunately, the data given in Reference 7 was derived &t a fre-
quency of 9 GHz. If an adequate computer program had been available, 
sigma zero values corresponding to the test plots could have been 
derived for each frequency. Since the intent of this effort was to 
show only that the model did indeed predict the row effects, it was 
considered acceptable to compare the mea~ured data to predicted data 
at 9 GHz. 
To obtain a prediction of the radar backscatter coefUci.ent using 
the described model, the statistical descriptors of the roughness, 
the mean slope of the rows, the distributions of the slopes and the 
soil moisture at the test plots were required. The following was 
obtained from the November 16, 1979 data flight, as shown in ~1gure 2. 
Soil moisture - 4% 
Mean slope of rows 26.9-
·Small scale roughness - 1 em 
Large scale roughness 9 em 
6 
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A.susing the row structure can be rep~esented by a sinusoid, the 
ataDdard deviation in the x direction (Sx> is approximately 0.8. 
A value of Itandard deviation in the y direction of 0.1 18 .. auaed to 
be reasoaable. From the values of sll&ll .cale aDd larae acale rIU ' 
roughne •• , a value for the Itandard deviation of the faceC'a lenltha 
for the total d1atrihution i. approximately 3.14 ea. 
Apply1nl thele teat-plot parameterl to the Facet Hodel data, Fiaure. 
27 through 31 of Reference 7 were u.ed to derive 9 GHz Ii ... 'ero (0.> 
and modulation function IMI data liven in Table VII. 
To make a comparison of measured and predicted data, certain criteri. 
of roughness distribution (small, medium, and larle) had to be met in 
the measured data set selected for comparison. Table VIII shQWs the 
.... ured statistical roughness at the Jornada Teat Plots and the .elec-
tion criteria for all four frequencies. " 
From Table VIII it can be seen that only ~he 4.75 GHz data .et has an 
allowable facet size spread which matches the criteria used to derive 
the 9 GHz data. 
A comparison of the values of the modulation function derived from the 
model at 9 GHz and those obtained from the aircraft 4.75 GHz VV scat-
terometer radar data, is shown in Figure 12. .-
6.0 EFFECT OF ASPECT ANGLE ON THE 
SIGMA ZERO OF ACROSS ROW VIEWING 
Variations in radar scattering coefficient due to other than orthogo-
nal viewing of row structures (aspect angle) were noted in leveral of 
the aircraft data sets. Figure 13 is a two-frequency time history of 
ligma zero at 20 degrees over Q cross-plowed test plot. Also plotted 
are variations of the viewing angle from orthogonal caused by aircraft 
heading variations. This figure illustrates the sensitivity of sigma 
" zero to aspect angle for an incidence angle of 20 degrees. Both sigma 
zero time histories shown have peaks at orthogonal viewing and lower 
values at the maximum aspect angle (3.5 degrees) encountered during 
this run." 
" The observing radars have different antenna beamwidths, eight degree. 
for the 1.6 GHz system and four degrees for the 4.75 CHz sy~tem. Thi. 
difference is reflected in less sensitivity for the 1.6 GHz system to 
aspect-angle change when viewing the same scene. In this case, a 3.5 
degree change in aspect ~ng1e gave a 3 dB change in the 1.6 GHz data 
and a 6 dB change in the 4.75 data. 
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7.0 CONCLUSIONS 
,S.v.r.l conclu.iona w.r. drawn frOil tnia .tu4y. Th. _.t .ip1fic.nt 
.r. .. follow.: 
.... 
1. low dir.ction i ••• ilnificant contributor to rad.r 
b.cksc.tt.r from cropl.nd .nd mu.t b. conaid.red wh.n 
.. kiDa rad.r .... ur ... nt. ov.r b.r. or 'p.r •• ly V.I.t.ted 
field •• 
2. While the ."f.ct d.cr ••••• with incr ... inl frequency. 
it i •• till lars. (S dB) .t l3.J GUz. 
3. low .ffect. .r. ind.pendeDt of licear pol.riz.tioD. 
4. The row effect phenomena i. d.fiDeable by .D exi.tiDI 
model (F.cet Model. r..fereDc. 7). 
S. There i. a strong a.pect-anlle sen.itivity which i •• 
function of the Icene aDd radar Iyst •• param.ters. 
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TAlLE I.- NASA/JSC GROUND SCATTDOMitIl SYSTEM PAIWIITEIS 
PA1tAMETERS K C L u 
rrequency (GRz) (fc) 13.3 4.75 1.6 
Polarization VV vv,a, VV,HI 
Cro •• Cro •• 
Alonl-Track Beamwidth 7.0· 3.0· . 8.4·' 
Cro •• -Track B .... idth 8.0· 2.6· 7.7· 
Inc:id'enc. Anal" 10·-60· lO·-60· 10·-60· 
Bandwidth Sweep fctSOO MHz f tSOO MHz c f tSOO MHz c 
Integration Tille 1/300 •• c 1/300 .ec 1/300 .ec 
Signal Bandwidth (Hz) 
'- (0- 30·) '. 2975 1150 3700 
T-I 
- -~--=.~ -~~-= .-=' .-~~- .. ~~. =,.-
, 
• • 
• 
TABLE 1.- NASAlJSC GROUND SCAT'l!ltOKitElt SYSTEM PARAMETUS 
PARAMETERS 
Preque~cy (GRz) (fc) 
Polarization 
Along-Track Beamwidth 
Cross-Track Beamwidth 
Incidenc~ Angles 
Bandwidth Sweep 
Integration Time 
Signal Bandwidth (Hz) 
.~ (0- 30·) 
stttr-
K C u 
13.3 4.7S 
VV VV,HR, 
Cross 
7.0· 3.0· 
8.0· 2.6° 
10·-60· 10°-60° 
fctSOO KHz f ±SOO KHz c 
1/300 sec 1/300 sec 
"- 297S USO 
ORIGINAL PAGE IS 
OF POOR QUALITY 
T-IA 
fiWfitd- - ats -rtttr - - L 
L 
1.6 
VV,HB 
Cross 
8.4·· 
7.7· 
10.-60° 
f :t:SOO MHz 
c 
1/300 sec 
3700 
\ 
, 
• • 
TABLE II. - NASAl JSC C-130 AIRCRAFT SCATTEROMETER SYSTEMS PARAMETERS 
PARAMETERS 
Frequency (GHz) 
Polarization 
Along-Track Resolution 
Cross-Track Beamwidth 
Incidence Angles (.) 
Nominal Bandwidth (Hz) 
(9 - 30· Vel - 150 kts) 
Nominal Integration Time 
per Measurement (sec) 
,~ 
Number of Measurements 
Averaged per Second 
¥recision of Measurement 
per Second of 
Spatial Data (dB) 
(9 - 30·) 
K C u 
13.3 4.15 
VV VV or BB 
and 
Cross 
120 ft. 120 ft. 
2.S· 4· 
5 - SO 5 - SO 
400 150 
0.16 0.32 
,-
6 3 
+0.36 +0.57 
-0.38 -0.62 
OR'G'NAl PAGE'S 
OF pOOR QUAUrt 
T-rr 
L 
1.6 
VV or HH 
and 
Cross 
120 ft. 
S· 
5 - SO 
50 
0.64 
1.5 
+1.0 
-1.1 
- t WMEt"E- - -w- ~ 
'i ~ : 
; .:~ 
-- wwtn ' . -mei-
-t 
• 
-...... 
...... 
Freq. 
CHz 
13.3 
13.3 
4.75 
4.75 
4.75 
4.75 
1.6 
1.6 
1.6 
1.6 
TABLE 111.- 9O-PERCENT CONFIDENC! INTERVAL (dB) POR. AIltCIAPT SCA~ DATA 
Po1ari- Row Incidence AuRle (deRrees) 
zation Direction 5 I 10 J 15 L lO 1 25 I 30 I 35 1 40 I 45 
VV Along 3.8 1.8 1.4 1.6 1.6 2.5 2.4 1.8 2.6 
VV Aero •• 2.4 1.3 1.2 1.8 2.1 2.3 2.5 1.3 2.1 
VV Along 3.7 1.6 2.0 2.5 2.7' 2.1 3.0 1.7 . 3.4 
VV Acros. 2.4 1.5 1.8 1.5 3.1 3.1 2.3 1.9 2.2 
HH Along 3.0 2.0 1.'7 1.8 2.3 2.0 2.2 2.1 2.9 
HH Acros. 2.7 3.2 3.7 4.3 3.0 4.1 3.0 2.0 2.0 
VV Along 3.0 1.5 2.4 2.2 2.1 2.2 3.3 2.6 3.2 
VV Aero •• 3.9 2.8 2.2 2.3 2.6 2.8' 3.8 3.2 4.6 
HH Along 2.8 '2.8 1.8 2.7 2.2 3.0' 2.7 2.4 2.2 
UK Aero •• 4.5 3.4 3.1 2.6 . 4.1 ,3.3 .4.2 4.2 4.2 
it 
I:> .". 
~& 
. ~iI " 
,. . ~ . 
1 50 
2.4 
2.3 
2.8 
3.2 , 
4.2 
4.0 
4.2 i I 
5.6 ! , 
I 
3.1 
3.2 
.. 
• 
,e' 
Freq. 
GHz 
13.3 
13.3 
4.75 
4.75 
4.75 
4.75 
1.6 
1.6 
1.6 
1.6 
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TABLE IV. - MEAN SIGMA ZERO (dB) POR. 13.3: GHz: VV, 4.75 GHz: VV and HH an4 1.6 GHz: VV aDd BB 
(Flight Date November 16, ~979) 
~~ l!~ ~·iJ 
Incidence Angle (degrees) • 
Polari- Row 
zation Direction 5 I 10 I 15 I 20 I 25 I 30 I 35 , 40 I 45 I 50 
VV Along -2.6 -6.1 _. 8.0 - 9.6 -10.3 -10.8 -11.8 -12.5 -13.1 -13.5 
VV Acro88 -1.2 -3.4 - 4.4 - 5.0 
- 4.7 - 6.2 - 9.1 -10.6 -11.7 -12.4 
M (dB) +1.4 +2.7 + 3.6 + 4.6 + 5.6 + 4.6 + 2.7 + 1.9 + 1.4 + 1.1 
. 
VV Along . +4.2 -9.5 -12.4 -14.2 -15.8 -17.4 -18.8 -20.6 -20.9 -22.3 
VV Across +4.8 -3.0 
- 3.6 - 3.0 - 2.2 - 5.5 -10.9 -17.1 -19.6 -22.7 
. 
M (dB) +0.6 +6.5 + 0.8 +11.2 . +13.6 +11.9 + 7.9 + 2.5 + 1.3 - 0.4 
HH Along -5.0 -12.0 -15.6 -17.2 -18.7 -19.8 -20.8 -21.4 -21.9 -21.6 
HH Across -1.5 ':"5.8 - 7.6 - 7.9 - 7.8 -10.9 -15.5 -18.0 -20.0 -21.0 
. 
M (dB) +3.5 +6.2 + 8.0 + 9.3 +10.9 + 8.9 + 5.3 + 3.4 + 1.9 + 0.6 
W Along -4.7 -11.0 -15.5 -18.4 -21.4 -22.3 -21.6 -23.4 -24.8 -24.S 
W Across +3.6 
- 2.0 - 2.7 - 2.0 - 3.0 - 6.5 - 7.8 -13.7 -18.3 -19.5 
M (dB) +8.3 + 9.0 +12.8 +16.4 +18.4 +15.8 +13.8 + 9.7 + 6.5 + S.O .; 
HH Along -9.8 -11.7 -14.8 -16.4 -18.6 -20.8 -20.9 -21.0 -25.0 -25.8 
HH Across +2.1 
- 0.5 - 1.0 - 0.5 - 1.6 - 5.8 - 8.5 -14.5 -18.0 -21.4 
M (dB) +12.1 +11.2 +13.8 +15.9 +17.0 ·+15.0 +12.4 + 6.5 + 7.0 + 4.4 • 
'" 
~' 
f 
!. 
Oc 
.." ;;JJ 
88 2 
-" XI r" 
.0 .";l 
C :t. 
,. C. 
,- f":' 
:J ~': 
Freq. 
GHz 
13.3 
13.3 
4.75 
4.75 
4.75 
4.75 
1.6 
1.6 
1.6 
1.6 
TABLE V.- MEAN SIGKA ZDO (dB) rOll 13.3 Gal. VV, 4.75 VV • BH, 1.6 GIIz VV • BH 
(Flight Date December 11, 1979) 
Polari- Row Incidence Angle (degrees) 
zation Direction 5 I 10 J 15 I 20 J 25 I 30 I 35 I 40 
W Along -4.4 -6.9 -8.7 -10.7 -11.4 -12.2 -13.2 -14.2 
W Across -2.0 -3.2 -4.4 -5.7 -7.0 -8.2 -9.5 -11.2 
K (dB) +:'.4 +3.7 +4.3 +5.0 +4.4 +4.0 +3.7 +3.0 
W Along +2.0 -11.1 -14.8 -17.8 -18.2 -20.3 -22.0 -23.8 
Across +7.8 +1.0 -1.5 -3.9 -4.8 -~.8 -14.4 -19.2 
K (dB) +5.8 +12.1 +13.3 +13.9 +13.4 +10.5 +5.6 +4.6 
BH Along -8.6 -15.2 -19.5 -20.8 -2;".8 -~2.4 -24.5 -25.7 
Across -3.0 -6.0 -7.0 -7.4 -ie6 -9.3 -13.4 -18.0 
H (dB) +5.6 +9.2 +12.5 +13.4 +14.2 +13.1 +11.1 +7.7 
VV Along -2.1 -7.5 -14.0 -19.5 -20.~ -2J.9 -21.5 -22.4 
VV Across +4.3. +1.5 -2.5 -5.4 -9.2 -12.1 -13.3 -16.1 
K (dB) +6.4 +9.0 +11.5 +14.1 +11.4 +8.8 +7.2 +6.3 
HH Along -6.0 -12.4 -14.2 -18.2 -18.5 -23.4 -23.4 -26.1 
HH Across +4.6 +2.5 +0.8 -3.4 -3.6 -9.3 -10.0 -14.1 
H (dB) +10.6 +14.9 +15.0 +14.8 +14.9 +14.1 +13.4 +12.0 
-----.-.--.---.--~ 
---~ _.-_ ..... -- ..... ~ ... ,. .. -.~ .. .i~!:--:' .. 
I 45 I 50 
-15.0 -16.1 
-12.4 -13.1 
+2.6 +2.4 
-24.0 -23.5 
... 
-19.4 -21.1 
+4.6 +2.4 
-26.7 -25.1 
-19.2 -21.3 
+4.8 +4.4 
-24.0 -24.8 
-17.7 -19.4 
+6.3 +5.4 i 
I 
-21.4 -28.1 
-18.7 -22.6 • 
+8.7 +5.5 
• 
Frequency 
(GHz) 
13.3 
13.3 
4.75 
4.75 
1.6 
1.6 
TABLE VI.- MEAN SIGMA ZERO (dB) FOil 13.3 GHz, 4.75 GRz, and 1.6 GRz 
GROUND SCATTEROMETEB. (VERTICAL POLARIZATION) 
Row Incidence Angle (degrees) 
Dates Direction 10 I 15 I 20 I 30 I 40 , 50 
. 
11/14/79, Along -6.2 -7.4 -6.5 -7.9 -8.5 -9.7 11/15/79 
11/16/79- Across -2.6 -3.6 -4.7 . -4.5 -8.7 -7.4 11/18/79 
H (dB) +3.6 +3.8 +1.8 +3/4 -0.2 +2.3 
11/14/79, 
-4.9 -10.1-11.7 11/15/79 Along -7.6 -8.9 -13.6 
11/16/79- Across -0.6 +0.8 +4.6 +1.3 -13.7 -11.6 11/18/79 
H (dB) +4.3 +6.8 +13.5 . +11.4 -2.0 +2.0 
11/14/79, Along -8.5 -11.4 -12.0 -16.2 :"'16.8 -18.2 11/15/79 
11/16/79- Across +0.5 +2.5 +4.3 +1.6 -9.5 -14.8 11/18/79 
H (dB) +9.0 +13.9 +16.3 +17.8 .+7.3 +3.4 
, 60 
-12.5 
- 9.0 
+ 3.5 
-17.0 
I 
, 
-16.4 
+ 0.6 
-20.2 
-18.1 
+ 2.1 
---
i, IJ ., 
~Z 1!. 
.~. 
• 
• 
TABLE VII.- VALUES OF MEAN SIGMA ZERO (dB) AT 9 GHz VV DERIVED noM 
FIGURES 27 th~ough 31 of REFERENCE 7 
Slope Row Incidence Angle (degrees) 
Variables Direction 5 I 10 I 15 I 20 I 25 I 30 I 35 I 40 I 45 I 50 
CASE I Along 0 -3.0 -7.6 -13.0 -14.6 -16.0 -16.7 -17.7 -18.1 -18.3 
S 
- 1 Across 0 -6.8 -2.4 +0.2 +0.2 0 -3.8 -9.3 -18.1 -18.3 x 
S • 0.1 Y M (dB) 0 +3.8 +5.2 +13.2 +16.7 +16.0 +12.9 ~.4 0 0 
" CASE II 
S • 1 
Along -2.1 -3.8 -1.0 -10.4-14.6 -16.0 -16.7 -17.8 -18.0 -18.4 
x Across .-1.9 -2.7 -2.9 -2.3 -1.8 -2.8 -4.7 ·-8.4 -12.5 -15.7 S 
- 0.15 Y 
M (dB) +0.2 +1.1 +4.1 +8.1 +12.8 +13.2 +12.0 ·+9.4+5.5 +2.7 
ii' (dB) +0.1 +2.6 +4.7 +11.4 +15.2 +14.8 +12.5 +8.9 +'.6 +1.6 
I 
, 
. 
~i 
II 
.~: 
~I' 
, ~iii 
~ 
• 
'. 
-t 
• < 
-
-, 
TABLE VIII.- FACET SIZE SELECTION CRITERIA 
Facet (1.) Jornada 13.3 GHz 9.0 GHz" 4.75 GHz 
Size 
-
Large (cm) 1 - 9 ,1 > 2.25 1 > 3.3 1 > 6.3 
Medium (cm) 1 - 3 0.9<1<2.25 1.33<1<3.3 ' 2.5<1<6.3 
Small (cm) 1 - 1 t < 0.9 1 < 1.3 1 < 2 • .5 
---. 
"Derived data 
.', 
1.6 GHz I 
I 
, 
.. > lS'.75 
7.5<1<18.7.5 
1 < 7.5 
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Figure 1.- Ground scatterometer and soil sample locations • 
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Figure 2.- Test .ite configuration at time. of aircraft data acqui.ition. 
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Figure 3.- Mean sigma zero and 90 percent confidence interval versus angle of 
incidence. 
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Figure 4.-Mean sigma zero and 90 percent confidence interval versus anale of 
incidence. 
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Figure 7.- Comparison of angular response of the modulation function of a bare 
field for three frequencies. 
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Figure 8 .- Com~arison of angular response of the modulation function of a 
bare field for two frequencies. 
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Figure .9 .- Comparison of angular response of the modulation function of a 
bare field for two frequencies. 
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Figure 10.- Comparison of angular response of the modulation function of a 
bare field for two frequencies. 
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Figure 11.- Comparison of aircraft and ground acquired angular response. 
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Figure lZ~ Comparison of the predicted values of the angular response of the 
modulation function. 
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Figure 13.- Time history of 20· incidence angle (4.75 GHz and 1.6 GHz 
sigma zero) plotted with Aspect Angle. 
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